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Method for Adding an Apparent Non-Signal Line to a Rapid 

Diagnostic Assay 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 [0001] The present application is a continuation-in-part of U.S. Application 

Serial No. 09/950,366, filed September 10, 2001, currently pending, which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
[0002] The present invention relates generally to devices and methods for 

10 detection of analytes in test samples. More specifically, the present invention 

provides solid phase test devices and mettiods that combine an internal indicator on 
the test with an external mark located on a support. 

[0003] Various analytical procedures and devices are commonly employed in 
detection assays to determine the presence and/or amount of substance of mterest or 

1 5 clinical significance wtdch may be present in biological or non-biological fluids. 

Such substances are generally termed "analytes" and can include antibodies, antigens, 
drugs, or hormones. 

[0004] The present invention includes, but is not limited to, lateral flow 
chromatogi-aphy assay formats. Generally, these assays have an extended base layer 

20 on which a differentiation can be made between a sample application region and an 
evaluation region. In typical use, the sample is applied to the sample appUcation 
region, flows along a liquid transport path which runs parallel to the base layer, and 
then flows into the evaluation region. A capture reagent is present in the evaluation 
region, and the captured analyte can be detected by a variety of protocols to detect 

25 visible moieties associated with the captured analyte. For example, the assay may 
produce a visual signal, such as color change, fluorescence, lummescence, and the 
like, when indicating the presence or absence of an analyte in a biological sample. 

[0005] Vertical flow devices and assays are also contemplated herein. 
Generally, these assays, similar to those described in U.S. Patent No. 4,632,901, 

1 
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involve the introduction of a liquid sample to a device and allowing the fluid sample 
to pass through one or more layers to generate a result. Results, similar to the assays 
described above and below, may be in the form a visual signal. 

[0006] Optimally, such test devices will provide a characteristic signal when 
5 the analyte is present in a sample, and a different signal when the analyte is absent 
from a sample. Most typically, the test device wiU display a "plus" (+) signal in the 
presence of analyte, and a *'minus" (-) signal in the absence of analyte. The 
plus/minus test result format has enjoyed enthusiastic customer response and wide 
commercial success. 

10 [0007] Test devices of this kind are well known in the art, and play an 

important role in areas such as clinical chemistry. They are used by skilled clinicians 
and lay person alike. Thus, there is a strong impetiis to provide devices tiiat are 
simple and reHable. Desirably, tiie assays are single-step devices wherein the user 
need only apply tiie sample prior to viewing the result. Single-step devices obviate 

15 the necessity of performing complicated and time consuming processing steps that 
may introduce errors in the end result. 

[0008] Examples of such assays include pregnancy tests, ovulation tests, 
various urine, saUva, spinal, and blood tests, as weU as other clinical or diagnostic 
assays. 

20 [0009] Test devices typically use materials that specifically bind with an 

analyte of interest. A homologous pair of specific binding pair members ("sbp 
members"), usually an immunological pair comprising a ligand and a receptor 
(antiHgand), is involved, wherein one of tiie sbp members is labeled witii a label that 
provides a detectable signal. The immunoassay metiiodology results in a distribution 

25 of the signal label between signal label bound in a complex of the sbp members and 
unbound signal label. The differentiation between bound and unbound signal label 
can be a result of physical separation of bound from unbound signal label or 
modulation of the detectable signal between bound and unbound signal label. 

[0010] In developing an assay device, there are many considerations. One 

30 consideration is to provide substantial differentiation between the observed signal 
resulting from signal label when bound as compared to unbound. Another 
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consideration is the ease with which the observed signal can be detected and serve to 
differentiate betwerai the presence or absence of analyte of interest. Other fectors 
include the precision with which the test devices must be manufactured. M factoring 
this consideration it is important to include registration or indexing capabilities in 

5 vertical flow test devices of the present invention. These capabihties, as described in 
detail below, are important for testing accuracy, reproducibility and ease of use and 
reading results. Therefore, in developing an assay that can be used by untrained 
personnel, such as assays to be performed in the home, medical offices and the hke, 
the technique for performing the assay should be simple, and tiae method of 

1 0 manufacturing the assay should be straightforward, 

Plus/Minus Assays 

[0011] Of particular interest to the present invention are test devices of the 
type described in U.S. Patent No. 5,145,789 to Corti et al., the disclosure of which is 
incorporated herein by reference. Corti et al. discuss a built-in positive control to 

1 5 indicate successful operation of a pregnancy test device. The positive control is 

envisaged as a horizontal tract that always stains, independent of the presOTce of hCG 
ia the urine, and is described as an area on a membrane that contains immobilized 
hCG. Regardless of whether hCG is present in the biological sample, it is intended 
that during operation, the upstream mobile labeled hCG binding reagents will always 

20 bind to the immobilized hCG, thereby forming a horizontal line, or minus sign, in the 
reading area. 

[0012] A similar approach for providing a minus sign in a test device is 
described in U.S. Patent Nos. 4,916,056, 5,008,080 and 5,160,701 to Brown, m et al., 
the disclosures of which are incorporated herem by reference. As illustrated, the 

25 positive control is formed by providing a binding substance within the test strip 
matrix, and is formed m the shape of a rectangular bar, or minus sign. The binding 
substance of the minus sign is intended to bind the labeled material regardless of the 
presence or absence of the analyte of interest in the test sample. 

[0013] Another approach for providing a positive control in a test device is 

30 described m EP Patent PubUcation No. 0 249 41 8 to Graham, Jr., the disclosure of 
which is incorporated herein by reference. As described, the control zone has anti- 
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human IgG or IgM unmobilized thereon, for nonspecificaUy capturing human 
immunoglobulin ubiquitously present in all similar human aqueous samples. The 
immobiUzed antibody is intended to provide a signal in a ♦'minus" pattern, regardless 
of the presence or absence of the analyte of interest in the test sample. 
5 [00141 Osikowicz et al., in U.S. Patent No. 5,075,078, describe yet another 

approach for providing a positive control in a plus/minus test device. The positive 
control is disposed on a test strip in a rectangular bar configuration. The control bar is 
oriented on the strip so that it lies neither perpendicular nor parallel to the direction of 
fluid flow, but rather Hes at an intermediate orientation, i.e., at a 45 degree angle. 
10 [00151 StiU yet another approach for providing a positive control in a test 

device is provided in U.S. Patent No. 5,401,667 to Koike. As described, the test 
device provides a plus/minus format, but considers alternative geometric symbols as 
well. A portion of the chromatographic medium is removed, or otherwise partially 
blocked, thereby affecting the flow path of the hquid. It is suggested that this 
1 5 modification enhances the signal of the device. 

[00161 Wong et al., in EP Patent No. 0 260 965, describe another test device 
that utilizes the plus/minus format Wong et al. discuss a multiple-step diagnostic 
assay with a horiizontal positive control line sprayed onto a test membrane. 

[0017] The previous methods discussed above accomplish the "appearance" of 
20 a mmus sign (-) by placing an indicator (positive control) line perpendicular to the test 
line, directly onto the test strip. Typically, the control line develops with any sample 
flow, while the test line develops only with a positive sample flow. Thus, the 
previous assays involve a control mechanism inherent to the matrix membrane test 
strip, and require a specific manufecturing step to apply the control Une to the strip. 
25 [001 8] Other previous devices display a printed minus sign positioned on the 

matrix and across the test line. These devices typically incorporate a positive control 
line downstream firom, and parallel to, the test Ime. Such devices are limited as the 
test strips may present a line that is visible before the sample is added. 

[00191 Previous methods are further disadvantaged as the additional 
30 manufacturing step involves a difficult placement procedure to orient the 
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perpendicular line directiy in the center of the viewing window. Whether the 
perpendicular line is a printed minus sign, or a reagent-based control line, this 
approach is particularly ill suited for certain matrix construction procedures, including 
web processing methods that involve a continuous flow or continuous roll application 
5 approach. 

[0020) Therefore, it would be desirable to provide a test device that does not 
require this extra processing step of depositing a perpendicular line onto the test strip, 
or does not leave a line that is visible before the sample is added to the device. This 
invention fulfills these and other needs. 

10 Transparent Membranes 

[0021] The use of transparent test strips in di^ostic assays is known in the 
art. In U.S. Patent No. 4,824,640, Hildebrand et al. discuss a transparent reagent 
carrier layer suitable for evaluation by transmission photometry. As described, the 
transparent nature of the fihn of plastic provides a suitable carrier material as 
15 compared to opaque fikns. 

[0022] The use of a transparent test strip is also discussed in U.S. Patent No. 
5,1 10,550 to Schlipfenbacher et al. As described, this test device includes a white 
non-transparent covering layer situated above a color-forming layer. During 
operation of the test device, the covering layer becomes transparent in the moist state. 
20 Through the transparent covering layer, the user is then able to observe any reaction 
occurring in the color-forming layer below. 

[0023] The use of a clearing agent in an immunochromatographic assay is 
discussed in U.S. Patent No. 6,165,798 to Brooks. As described, the test strip 
membrane is rendered transparent by wetting the membrane with a clearing agent, 
25 thus reducing the amount of light scattered by the membrane fibers. 

[0024] In U.S. Patent No. 6,187,268, Albarella et al. describe a transparent 
flow through membrane for use in test devices, but do not suggest a control feature to 
indicate a positive or negative test result. The membrane described in Albarella et al. 
is not configured to become transparent only when wet. The membrane is transparent 
30 whether wet or dry. 
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[0025] While conceivably workable in some circumstances, the previous 
detection systems that employ transparent membranes are of hmited utility. There is 
no teaching or suggestion in current art for a test device with a transparent membrane 
that utilizes a control feature to indicate a positive or negative test result as provided 
5 by a mark on the underlying support. 

100261 In view of the foregoing, there remains a need in the art for a simple, 
efficient method for adding a positive conteol to a soUd phase assay that does not 
require the manufactiiring step of fixing a positive control binding member to the 
assay test strip, and that does not leave a substantially visible signal before the sample 
10 is added to the device. It would further be desirable to achieve unproved test device 
formats tiiat incorporate transparent membranes as part of a control or display featiire. 

[00271 Additionally, the assay of tiie present invention should overcome the 
disadvantages described above in connection with the previous test device systems. 

15 BRJEF SUMMARY OF THE INVENTION 

[00281 The present invention includes devices, methods, and kits for visually 
detecting tiie presence or absence of an analyte in a sample. For example, tiie present 
invention provides a test device for determining the presence or absence of an analyte 
m a fluid sample. In a particular embodiment, testing devices are contemplated tiiat 

20 are capable ofmeasuring multiple analytes in a given sample. The test device may be 
a vertical flow test device, or a lateral flow test device, or any other soUd phase test 
device that comprises a matiix disposed above a support, e.g., a dipstick-type testing 
device. 

[00291 In one embodiment, the matiix defines an axial flow path, and 
25 typically contains three zones. First, a sample receiving zone is located at an upstieam 
end of the flow patii. The test sample suspected of containing an analyte of interest is 
appUed to the sample receiving zone. Second, a label zone is located on tiie flow patii 
downstieam from tiie sample receiving zone. As tiie test sample flows tinrough tiie 
label zone, it contacts a detectable mobile labeled reagent. This labeled reagent is 
30 specific for, and binds to, tiie analyte of interest. Third, an observation area is located 
at tiie downstream end of tiie flow patii. A captiure zone is sitiiated in tiie area, and 
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contains immobilized capture reagents that are specific for, and bind with, the analyte 
of interest. Generally, the binding is achieved by either a direct or an indirect binding 
approach. Optionally, an absorbent zone is disposed doAvnstream of the observation 
area. 

5 [0030] The sample fluid travels from the sample receiving zone, through the 

label zone, and then across the observation area and capture zone. The observation 
area, now moistened from the sample fluid, becomes transparent. The user can then 
view a mark displayed on the underlying support. 

[0031] In another embodiment, a test device is provided useful for 

10 determining the presence or absence of an analyte in a fluid sample, the test device 
composed of a matrix comprising a porous first member comprising a defined capture 
zone and an observation area, and a second member disposed below and contacting 
said first member. In one aspect, the capture zone contains an immobilized capture 
reagent that restrains the analyte, and the first member is comprised of a material that 

15 is opaque in a dry state and transparent in a moist state. In another aspect, the second 
member bears one or more marks thereon, and is comprised of a porous material. The 
second member generally allows fluid flow through the first member when a fluid 
sample is introduced. And, the mark on the second member becomes visible through 
the observation area on the first member when the first member is in a moist state. 

20 The mark may have a shape such that, in the presence or absence of the analyte in the 
sample, a first symbol may be displayed to rqjresent a negative result, and the capture 
zone may have a shape such that, taken together with the first symbol in the presence 
of the analyte in the sample, a second symbol is formed to represent a positive result 

[0032] In another embodiment, methods of manufacturing and using the 
25 testing devices are provided. In manufacturing vertical flow assays, it is important to 
include registration or indexing capabilities in vertical flow test devices. These 
capabilities, as described in detail below, are important for testing accuracy, 
reproducibility and ease of use and reading results. 

[0033] The present invention is simple, effective, and solves the problems of 
30 previous devices and methods, by providing a test device with a transparent 
membrane and an underlying support that bears a mark. 
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[0034] This invention utilizes a property of nitrocellulose, or a similar 
membrane, in that it becomes transparent when it is wet. By placing a detectable line 
or symbol directly underneath the nitrocellulose capture zone, that marking wiU be 
mostly invisible until a liquid sample is added. When the membrane becomes wet, 
5 the markings underneath it become instantaneously visible and appear to be a part of 
the displayed results. 

[0035] The invention described herein allows the mark to be placed in a 
precisely controlled location within the window and can be printed directly on the 
plastic housing or on an intermediate member disposed between the housing and the 
10 test strip. This allows for the actual test strip to be processed continuously in that 

there is no need to manufacture a control line or minus symbol that is perpendicular to 
the processing flow. This feature is particularly desirable in web processing 
procedures. With appropriate indexing of the printing equipment, the mark can also 
be printed on the transparent backing material that may be used to support the 
1 5 membrane on which the assay takes place. 

[0036] The invention does not require any chemical interaction between a 
label component and a capture component to produce the appearance of aline or 
symbol in any shape or color. The invention imparts a very distinct look and 
operability characteristic to a lateral flow devdce. 
20 [00371 The present invention achieves the "appearance" of a minus sign (-) by 

placing an indicator mark perpendicular to the test line, directly on the underlying 
support. The mark typically manifests with any sample flow, while the test line 
develops only with a positive sample flow. A further advantage of the present 
invention is the avoidance of a line that is substantially visible before the sample is 
25 added to the device. 

[0038] Other objects and advantages will become apparent from the following 
detaUed description taken in conjunction with the drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 [0039] FIG. 1 is an exploded perspective view of a test device of the present 

invention. 
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(00401 FIG. 2 is an exploded perspective view of a test device of the present 
invention showing a negative test result. 

[0041] FIG. 3 is an exploded perspective view of a test device of the present 
invention showing a positive test result. 
5 [0042] FIG. 4 is an exploded perspective view of a test device of the present 

invention showing a positive test result, and a procedural control line. 

[00431 FLG. 5 shows a top view of a vertical flow device, looking down into 
the chamber into which the sample and other components are poured. 

[00441 FIG. 6 shows a top view of a porous positive control membrane 
10 support in a vertical flow device. 

(00451 FIG. 7 shows a top view of a filter/membrane including a capture/test 
zone hi a vertical flow device. 

[00461 FIG. 8 shows an illustration of a negative test result in a vertical flow 
device of the present mvention. The positive control Une is visible but the dotted 
1 5 invisible test line is not formed. 

[0047] FIG. 9 shows an illustration of a positive test result in a vertical flow 
device of the present invention. Both the positive control line and the test line are 
visible. 

[00481 FIG. 10 shows a side view of a vertical flow device of the present 
20 invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0049] Unless defined otherwise, all technical and scientific terms used herein 
have the same meaning as commonly understood by one of ordinary skill in the art to 
25 which this invention belongs. If a definition set forth m this section is contrary to or 
otherwise mconsistent with a definition set fortJi in the patents, appUcations, 
pubUshed appUcations and other pubUcations that are herem incorporated by 
reference, the definition set forth in this section prevails over the definition that is 
mcorporated herem by reference. Although any methods and materials similar or 
30 equivalent to those described herein can be used in the practice or testing of the 
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present invention, the preferred methods and materials are now described. All 
publications mentioned herein are incorporated herein by reference to disclose and 
describe the methods and/or materials m connection with which the publications are 
cited. 

[00501 In describing the various aspects of the present invention, a number of 
tarns will be generally defined or abbreviated as follows. 

Definitions 

[00511 As used herein, "a" or "an" means "at least one" or "one or more." 
[0052] "Fluid sample" refers to a material suspected of containing the analyte 
of interest. The fluid sample can be used as obtained directly ftom the source or 
foUowing a pretreatment so as to modify its character. Such samples can include 
human, animal or man-made samples. The sample can be prepared in any convenient 
medium which does not interfere with the assay. Typically, the sample is an aqueous 
solution or biological fluid as described in more detail below. 

[0053] The fluid sample can be derived from any source, such as a 
physiological fluid, including blood, serum, plasma, saliva, sputum, ocular lens fluid, 
sweat, urine, milk, ascites fluid, mucous, synovial fluid, peritoneal fluid, transdermal 
exudates, pharyngeal exudates, bronchoalveolar lavage, tracheal aspirations, 
cerebrospinal fluid, semen, cervical mucus, vaginal or urethral secretions, amniotic 
fluid, and the like. Herein, fluid homogenates of cellular tissues such as, for example, 
hair, skin and nail scrapings, meat extracts and skins of fruits and nuts are also 
considered biological fluids. Pretreatment may involve preparing plasma ^om blood, 
diluting viscous fluids, and the like. Methods of treatment can involve filtration, 
distillation, separation, concentration, inactivation of interfering components, and the 
addition of reagents. Besides physiological fluids, other samples can be used such as 
water, food products, soil extracts, and the like for the performance of industrial, 
environmental, or food production assays as well as diagnostic assays. In addition, a 
soUd material suspected of containing the analyte can be used as the test sample once 
it is modified to form a Uquid medium or to release the analyte. The selection and 
pretreatment of biological, industrial, and environmental samples prior to testing is 
well known in the art and need not be described fijrther. 
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[00541 "Specific pair binding member'* refers to a member of a specific 
binding pair, i.e., two different molecules wherein one of the molecules specifically 
binds with the second molecule through chemical or physical means. Thie two 
molecules are related in the sense that their binding with each other is such that they 
are capable of distinguishing their binding partner from other assay constituents 
having similar characteristics. The members of the specific binding pair are referred 
to as Ugand and receptor (antiligand), sbp member and sbp partner, and the like. A 
molecule may also be a sbp member for an aggregation of molecules; for example an 
antibody raised against an immune complex of a second antibody and its 
corresponding antigen may be considered to be an sbp member for the immune 
complex. 

[0055] In addition to antigen and antibody specific binding pair members, 
other specific binding pairs include, as examples without Umitation, biotin and avidin, 
carbohydrates and lectins, complementary nucleotide sequences, complementary 
peptide sequences, effector and receptor molecules, enzyme cofactors and enzymes, 
enzyme inhibitors and enzymes, apeptide sequence and an antibody specific for the 
sequence or the entire protein, polymeric acids and bases, dyes and protein binders, 
peptides and specific protein binders (e.g.. ribonuclease, S-peptide andribonuclease 
S-protem), and the like. Furthermore, specific binding pairs can include members that 
are analogs of the original specific binding member, for example an analyte-analog or 
a specific binding member made by recombinant techniques or molecular 
engineering. 

[0056] An sbp member is analogous to another sbp member if they are both 
capable of bmding to another identical complementary sbp member. Such an sbp 
member may, for example, be either a Ugand or a receptor that has been modified by 
the replacement of at least one hydrogen atom by a group to provide, for example, a 
labeled Ugand or labeled receptor. The sbp members can be analogous to or 
complementary to the analyte or to an sbp member that is complementary to the 
analyte. 

[0057] If the specific bmding member is an immunoreactant it can be, for 
example, an antibody, antigen, hapten, or complex thereof. If an antibody is used, it 
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can be a monoclonal or polyclonal antibody, a recombinant protein or antibody, a 
chimeric antibody, a mixture(s) or fragment(s) thereof, as well as a mixture of an 
antibody and other specific binding members. The details of the preparation of such 
antibodies and their suitabiUty for use as specific binding members are well-^own to 
those skilled in the art. 

[00581 When an immunoreactive specific binding member is attached to the 
chromatographic material of the present invention, the device is referred to as an 
"immunochromatograph", and the correspondmg method of analysis is referred to as 
"immunochromatography". Immunochromatography, as used herein, encompasses 
both sandwich and competitive immunoassay techniques. 

[0059] "Ligand" refers to any compound for which a receptor naturally exists 
or can be prepared. 

[00601 "Receptor" refers to any compound or composition capable of 
recognizing a particular spatial or polar orientation of a molecule, e.g., epitopic or 
determinant site. Illustirative receptors include: antibodies, enzymes, thyroxine 
binding globulin, intiinsic factor, lectins, nucleic acids, protein A, complement, 
complement Clq, and the like. Receptors are also referred to as antiligands. 

[00611 "Antigen" shall mean any compound capable of binding to an 
antibody, or against which antibodies can be raised. 

[0062] "Antibody" refers to a polypeptide substantially encoded by an 
immunoglobulin gene or immunoglobulin genes, or firagments thereof. The 
recognized immunoglobulin genes include the kappa, lambda, alpha, gamma, delta, 
epsilon, and mu constant regions, as well as myriad immunoglobuUn variable region 
genes. Light chains are classified as either kappa or lambda. Heavy chains are 
classified as gamma, mu, alpha, delta, or epsilon, which in turn define the 
immunoglobulin classes, IgG, IgM, IgA, IgD, and IgE, respectively. Typically, an 
antibody is an immunoglobulin having an area on its surface or in a cavity that 
specifically binds to and is thereby defined as complementary with a particular spatial 
and polar organization of another molecule. The antibody can be polyclonal or 
monoclonal. Antibodies may include a complete immunoglobuUn or firagments 
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thereof. Fragments thereof may include Fab, Fv and F(ab')2, Fab', and the like. 
Antibodies may also include chimeric antibodies made by recombinant methods. 

(00631 "Analyte" or "analyte of interest" refers to the compound or 
composition to be detected or measured and which has at least one epitope or bmding 

5 site. The analyte can be any substance for which there exists a naturally occumng 
analyte specific binding member or for which an analyte-specific binding member can 
be prepared, e.g., carbohydrate and lectin, hormone and receptor, complementary 
nucleic acids, and the like. Further, possible analytes include virtually any compound, 
composition, aggregation, or other substance which maybe immunologically 

10 detected. That is, the analyte, or portion thereof, will be antigenic or haptenic havmg 
at least one determinant site, or will be a member of a naturally-occurring binding 
pair. 

[00641 Analytes include, but are not limited to, toxins, organic compounds, 
proteins, peptides, microorganisms, bacteria, viruses, amino acids, nucleic acids, 
1 5 carbohydrates, hormones, steroids, vitamins, drugs (including those administered for 
therapeutic purposes as well as those administered for ilUcit purposes), pollutants, 
pesticides, and metaboUtes of or antibodies to any of the above substances. The term 
analyte also includes any antigenic substances, haptens, antibodies, macromolecules, 
and combinations thereof A non-exhaustive list of exemplary analytes is set forth in 
20 U.S. Pat. No. 4,366,241, at column 19, line 7 through column 26, Une 42, the 

disclosure of which is incorporated herein by reference. Further descriptions and 
Ustings of representative analytes are found in U.S. Patent Nos. 4,299,916; 4,275.149; 
and 4,806,3 1 1, all incorporated herein by reference. 

[0065] "Label reagent" refers to a substance comprising a detectable label 
25 attached with a specific binding member. The attachment may be covalent or non- 
covalent binding, but the method of attachment is not critical to the present invention. 
The label allows the label reagent to produce a detectable signal that is related to the 
presence of analyte in the fluid sample. The specific bindingmember component of 
the label reagent is selected to directly bind to the analyte or to indirectly bind the 
30 analyte by means of an ancillary specific binding member, which is described in 

greater detail hereinafter. The label reagent can be incorporated mto the test device at 
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a site upstream from the capture zone, it can be combined with the fluid sample to 
form a fluid solution, it can be added to the test device separately from the test 
sample, or it can be predeposited or reversibly immobilized at the capture zone. In 
addition, the specific binding member may be labeled before or during the 
performance of the assay by means of a suitable attachment method. 

[0066] "Label" refers to any substance which is capable of producing a signal 
that is detectable by visual or instrumental means. Various labels suitable for use in 
the present invention include labels which produce signals through either chemical or 
physical means. Such labels can include enzymes and substrates, chromogens, 
catalysts, fluorescent compounds, chemiluminescent compounds, and radioactive 
labels. Other suitable labels include colloidal metallic particles such as gold, colloidal 
non-metallic particles such as selenium or tellurium, dyed or colored particles such as 
a dyed plastic or a stained microorganism, organic polymer latex particles and 
liposomes, colored beads, polymer microcapsules, sacs, erythrocytes, erythrocyte 
ghosts, or other vesicles containing directly visible substances, and the like. 
Typically, a visually detectable label is used as the label component of the label 
reagent, thereby providing for the direct visual or instrumental readout of the presence 
or amount of the analyte m the test sample without the need for additional signal 
producing components at the detection sites. 

[0067] The selection of a particular label is not critical to the present 
invention, but the label will be capable of generating a detectable signal eitha: by 
itself, or be instrumentally detectable, or be detectable in conjunction with one or 
more additional signal producing components, such as an enzyme/substrate signal 
producing system. A variety of different label reagents can be formed by varying 
either the label or the specific binding member component of the label reagent; it will 
be appreciated by one skilled in the art that the choice involves consideration of the 
analyte to be detected and the desired means of detection. As discussed below, a label 
may also be incorporated used in a control system for the assay. 

[00681 For example, one or more signal producing components can be reacted 
with the label to generate a detectable signal. If the label is an enzyme, then 
amplification of the detectable signal is obtained by reacting the enzyme with one or 
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more substrates or additional enzymes and substrates to produce a detectable reaction 
product. 

[0069] In an alternative signal producing system, the label can be a fluorescent 
compound where no enzymatic manipulation of the label is required to produce the 
5 detectable signal. Fluorescent molecules such as fluorescein, phycobiliprotein, 
rhodamine and their derivatives and analogs are suitable for use as labels in such a 
systan. 

[0070] The use of dyes for stainmg biological materials, such as proteins, 
carbohydrates, nucleic acids, and whole organisms is documented in the literature. It 

10 is known that certain dyes stain particular materials preferentially based on 
compatible chemistries of dye and ligand. For example, Coomassie Blue and 
Methylene Blue for proteins, periodic acid-SchifPs reagent for carbohydrates. Crystal 
Violet, Safranin O, and Trypan Blue for whole cell stains, ethidium bromide and 
Acridine Orange for nucleic acid staining, and fluorescent stains such as rhodamine 

15 and Calcofluor White for detection by fluorescent microscopy. Further examples of 
labels can be found in, at least, U.S. Patent Nos. 4,695,554; 4,863,875; 4,373,932; and 
4,366,241, all incorporated herein by reference. 

[0071] "Signal producing component" refers to any substance capable of 
reacting with another assay reagent or with the analyte to produce a reaction product 
20 or signal that indicates the presence of the analyte and that is detectable by visual or 
instrumental means. "Signal production system", as used herein, refers to the group 
of assay reagents that are needed to produce the desired reaction product or signal. 

[0072] "Ancillary specific binding member" refers to any member of a 
specific binding pair which is used in the assay in addition to the specific binding 

25 members of the conjugate or capture reagent. One or more ancillary specific binding 
members can be used in an assay. For example, an ancillary specific binding member 
can be capable of binding the conjugate with the analyte of interest, in instances 
where the analyte itself could not directly attach to the conjugate. Optionally, the 
ancillary binding member may be capable of binding tiie analyte with the capture 

30 reagent, in instances where the analyte itself could not directly attach to the capture 
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reagent. The ancillary specific binding member can be incorporated into the assay 
device or it can be added to the device as a separate reagent solution. 

[0073] "Solid phase" refers to any solid material to which analyte, analyte 
complexes, or assay reagents become bound and which can be separated from 
5 unreacted assay reagents, test sample, or test solutions. For example, the solid phase 
may involve beads, magnetic particles, latex particles, test tubes, microtiter plates, or 
any other solid material. Generally, the solid phase is any suitable chromatographic, 
bibulous, porous, isotropic, or capillary material, hereinafter referred to as porous 
material, which forms the basis of the test device. 
1 0 [00741 "Capture reagent" refers to a specific binding member that is attached 

within or upon aportion of the solid phase to form a "capture zone". The method of 
attachment is not critical to the present invention. The capture reagent is selected to 
bind the analyte, tiie conjugate, or a complex thereof 

[0075] "Ancillary material" shall mean any material that may be employed m 
15 an assay in accordance with the present invention. For example, buffer will normally 
be present in tiie labeling means, the neutralization means, as well as stabiUzers for 
the assay medium and assay components. Frequently, in addition to these additives, 
additional protein, such as albumin, or surfactant, non-ionic or ionic, binding 
enhancer, for example, polyalkylene glycol, or the like, may be present, including firee 
20 antibody, analyte analog, or other unrelated ligand, for the purpose of removing or 
addmg material or to modify the amount, position, partitioning, or appearance of the 
analyte or other compound used in the invention. 

[0076] "Observable signal" as used herein refers to a signal produced in the 
claimed devices and methods that is detectable by visual inspection. Without 
25 limitation, the type of signal produced depends on the label reagents and marks used 
(described herein). Generally, observable signals indicating the presence or absence 
of an analyte in a sample may be evident of their own accord, e.g., plus or minus signs 
or particularly shaped symbols, or may be evident through the comparison with a 
panel such as a color indicator panel. 
30 [00771 "Axial flow" as used herein refers to lateral, vertical or transverse flow 

through a particular matrix. The type of flow contemplated in a particular device, 
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assay or method varies according to the structure of the device. Without being bound 
by theory, lateral, vertical or transverse flow may refer to flow of a fluid sample from 
the point of fluid contact on one end or side of a particular matrix to an area 
downstream of this contact. The downstream area may be on the same side or on the 
opposite side of the matrix from the point of fluid contact. For example, in vertical 
flow devices of the present invention, axial flow may progress vertically from and 
through a first member (top to bottom) to a second member and from there on to an 
absorbent medium. 

(0078] "Porous material" refers to any material that may be anployed in the 
lateral assays described herein that are opaque in a dry state and transparent or semi- 
transparent in a moist state (e.g., nitrocellulose). 

[0079] "Absorbent material" as used hereui refers to material used in vertical 
flow devices and assays that allows and promotes sample flow through the first and 
second members. Such materials may be as described in, e.g., U.S. Patent No. 
4,632,901, such as, for example, fibrous materials such as cellulose acetate fibers, 
cellulose or cellulose derivatives, polyester, or polyolefin. Generally, the absorbent 
material, as used herein, should maintain direct or intimate contact with the second 
member in order to promote fluid flow therethrough. Contemplated absorbent 
materials having fluid absorptive qualities are generally compressible and may be 
compressed in devices of the present invention to ensure contact with the second 
member or positive control element. 

[0080] "Registration means" or "indexing means" refers to physical means 
useful for placement of the first and second members in the vertical flow devices of 
the present invention. These means may involve the use of rails contained in llie outer 
wall of a device coupled with notches or slots located in the first and second 
members. Without limitation, these means are usefiil for providing an orientation of 
control markings in relation to c^ture zones such that in the presence or absence of 
an analyte of interest and detectable reagent coupled thereto, all markings and zones 
may be separately distinguishable. Occasionally, these means may also equally apply 
to placement of the absorbent medium in the vertical assay devices of the present 
invention. 
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[00811 "Orientation indicia" refers to a separate mairking located on a vertical 
flow device of the present invention that pennits the user of the device to quickly and 
accurately detennine the correct reading orientation of the device to determine a 
positive and/or negative result after use of such device in accordance with the 
5 presently described methods. 

Introduction 

[00821 The present invention relates generally to devices and methods for 
detection of analytes in test samples. More specifically, the present invention 
provides soUd phase test strip devices and methods that combine an internal indicator 
10 on the test strip with an external mark located on a support. 

Test Devices 

[00831 In a particular aspect, the present mvention provides a test device for 
determining the presence or absence of an analyte in a fluid sample. The test device 
includes a support bearing a mark thereon, and a matrix defining an axial flow path. 
15 Typically, the matrix fijrflier includes a sample receiving zone, a label zone, and an 
observation area that contains a capture zone. In a related embodiment, the matrix 
further includes an absorbent zone disposed downstream of the observation area. 

[00841 In a preferred embodiment, the sample receiving zone accepts a fluid 
sample that may contain an analyte of interest. In another embodunent, the sample 
20 receiving zone is dipped into a fluid sample. A label zone is located downstream of 
the sample receiving zone, and contains a mobile label reagent that recognizes Ihe 
analyte of interest. Further, an observation area is disposed downstream of fix)m the 
label zone, and contains an immobiUzed capture reagent that binds to the analyte of 
interest. Thus, as the fluid sample flows along the matrix, the analyte of interest will 
25 first bind with the mobile label reagent in the label zone, and then bind to the 
immobile capture reagent in the capture zone of the observation area. The 
observation area is made of a material that is opaque in a dry state and transparent in a 
moist state. Thus, the mark on the support is visible through the observation area 
when the observation area is in the moist state. 
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[0085] In another preferred embodiment, the fluid sample flows along a flow 
path running from the sample receiving zone (upstream), through the label zone 
(midstream), and then to the observation area (downstream). Optionally, the fluid 
may thereafter flow to the absorbent zone. 

5 [0086] In a preferred embodiment, the sample receiving zone is made of an 

absorbent application pad. Suitable materials for manufacturing absorbent application 
pads include, but are not limited to, hydrophilic polyethylene materials or pads, glass 
fiber filter paper or pads, desiccated paper, paper pulp, fabric, and the like. In a 
related embodiment, the sample receiving zone is constructed firom any material that 
10 absorbs water. 

[0087] In a preferred embodiment, the absorbent application pad is made of 
any material from which the fluid sample can pass to the label zone. Further, the 
absorbait application pad may be constructed to act as a filter for cellular 
components, hormones, particulate, and other certain substances that may occur in the 
15 flxiid sample. Application pad materials suitable for use by the present invention also 
include those application pad materials disclosed in U.S. Pat. No. 5,075,078, 
incorporated herein by reference. 

[0088] In yet another preferred embodiment, the absorbent application pad 
may incorporate other reagents such as ancillary specific binding members, fluid 
20 sample pretreatment reagents, and signal producing reagents. 

[0089] In a particularly preferred embodiment, the analyte of interest is from 
the group including heartworm antigens, hCG (human chorionic gonadotropin), 
streptococcus A, and other bacterial antigens. 

[0090] In another preferred embodiment, the test device is configured to 
25 perform an immunological analysis process. In yet another embodiment, the liquid 
transport along the matrix is based upon capillary action, whereby the liquid transport 
path can be formed not only by one or more layers of absorbent material, for example 
paper or fleece, but also by a gap which is sucked full by capillary action. 

[0091] In a preferred embodiment, the label zone is capable of non-bibulous 
30 lateral flow. By "non-bibulous lateral flow" is meant liquid flow in which all of the 



19 



wo 03/023371 





PCTAJS02/28846 



dissolved or dispersed components of tibe liquid are carried at substantially equal rates 
and with relatively unimpaired flow laterally through the membrane, as opposed to 



non-bibulous material such as high density polyethylene sheet material manufactured 
by Porex Technologies Corp. of Fairbum, Ga., USA. The sheet material has an open 
pore structure with a typical density, at 40% void volume, of 0.57 gm/cc and an 
average pore diameter of 1 to 250 micrometers, the average generally bemg from 3 to 
ICQ micrometers. The optimum pore diameter for the membrane for use in the 
invention is about 10 to about 50 ^xm. The membranes typically are from about 1 mil 
to about 15 mils in thickness, typically in the range of from 5 or 10 mils, but may be 
up to 200 mils and thicker. The membrane may be backed by a generally water 
impervious layer, such as mylar. When employed, the backing is generally fastened 
to the membrane by an adhesive, such as 3M 444 double-sided adhesive tape. 
Typically, a water impervious backing is used for membranes of low thickness. A 
wide variety of polymers maybe used provided that they do not bind nonspecifically 
to the assay components and do not interfere with flow of the sample. Illustrative 
polymers include polyethylene, polypropylene, polystyrene and the like. 
Alternatively, the membrane may be self supporting. Other non-bibulous membranes, 
such as polyvinyl chloride, polyvinyl acetate, copolymers of vinyl acetate and vinyl 
chloride, polyamide, polycarbonate, polystyrene, and the like, can also be used. 

[0093] In yet another preferred embodiment, the label zone is made of a 
material such as untreated paper, cellulose blends, nitrocelMose, polyester, an 
acrylonitrile copolymer, and the like. The label zone may be constructed to provide 
either bibulous or non-bibulous flow. In an especially preferred embodiment, the 
label zone is made of a nonwoven fabric such as Rayon or glass fiber. Other label 
zone materials suitable for use by the present invention include those 
chromatographic materials disclosed in U.S. Pat. No. 5,075,078, which is herein 
incorporated by reference. In a preferred embodiment, the label zone material may be 
treated with labeled solution that includes blocking and stabilizmg agents. Blocking 
agents include bovine serum albumin (BSA), methylated BSA, casein, nonfat dry 

20 



preferential retention of one or more components as would occur, e.g., in materials 
capable of adsorbing or imbibing one or more components. 

[0092] In a ftirther preferred embodiment, the label zone is made of a typical 
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milk. Stabilizing agents are readily available and well known in the art, and may be 
used, for example, to stabilize colored labels. 

[0094] In all of the above, employment of the selected blocking and 
stabilizing agents together with colored moieties in the labeling zone followed by the 
immobilization of the blocking and stabiUzing agents on the support (by, e.g., a 
freeze-drying process, or a forced air heat drying process) is of utmost importance for 
improved performance of the device. It is well known that visible moieties, especially 
particles, aggregate upon air-drying and do not readily rehydrate in contact with a 
Uquid sample. Therefore, absent conversion to the nonbibulous surface, instead of 
being transported to the capture zone with the sample, the visible moieties will remain 
trapped in the labeling zone. 

[0095] In a particularly preferred embodiment, the observation area will be 
made of a material that is opaque when in a dry state, and transparent when in a 
moistened state, examples of which include nitrocellulose, nylon, and hydiophilic 
polyvinylidene difluoride (PVDF). HydrophiUc polyvinyUdene difluoride (PVDF) is 
commercially available form the firm MilUpore, Bedford, U.S.A. under trademark 
Immobilon AV. However, on the basis of the present description, the expert can also 
select other materials and especially synthetic material membranes which fulfill the 
above-mentioned conditions. It is beheved that the refractive index of the synthetic 
material is of major influence to this characteristic. It is to be assumed that porous 
materials, the refractive index of which is close to that of the sample liquid, have the 
property of becoming transparent in a moist state. 

[0096] In a particularly preferred embodiment, the observation area is a 
nitrocellulose web assembly made of MilUpore nitrocellulose roll laminated to a clear 
Mylar backing. In another embodiment, the observation area is made of nylon. 

[0097] Those skilled in the art will ^preciate that various methods could be 
used to test the desired property of the observation area, and whether it is sufficiently 
opaque in the dry state, and sufficiently transparent in the moist state. For example, 
one could put a mark on a piece of plastic, and then place the test strip on top of the 
plastic and visually determine if it is opaque or transparent. Other methods include 



21 



wo 03/023371 PCTAJS02/28846 

the use of scanner devices, or other means for determining optical density of the 
apparent line. 

[0098] The artisan wiU appreciate the whole of the observation area, or only a 
portion thereof may become transparent when moistened. In either embodiment, the 
portion of the observation area tiiat is disposed above the mark should become 
transparent when moistened. In a related embodiment, the observation area will 
contain one or more distinct areas that are opaque in the dry state, and transparent in 
the moist state. 

[0099] In a preferred embodiment, the capture zone may be constructed from 
any of the materials as listed above for the observation zone. In a particularly 
preferred embodiment, the c^ture zone is made of the same material as the 
observation zone. The artisan wUl recognize that the present invention envisages a 
test device with one or more capture zones. 

[00100] Further embodiments include capture zones that include 
microporous materials made from nitrocellulose, by which term is meant any nitric 
acid ester of cellulose. Thus suitable materials may include nitrocellulose in 
combination with carboxyUc acid esters of ceUulose. The pore size of nitrocellulose 
membranes may vary widely, but is preferably within 5 to 20 microns, preferably 8 to 
15 microns. To provide non-bibulous flow, these materials may be treated with 
blocking agents that can block the forces which account for the bibulous nature of 
bibulous membranes. Suitable blockmg agents include bovine serum albumin, 
methylated bovine serum albumin, whole animal serum, casein, and non-fat dry milk. 

[00101] Itt a preferred embodiment, Ihe observation area further 
includes a procedural control line, to verify that the sample flow is as expected. The 
control line is a spatially distinct region that includes an immobiUzed binding member 
which reacts with a labeled reagent. In a preferred embodiment, the procedural 
contirol Une contains an authentic sample of the analyte of interest, or a fragment 
thereof In another preferred embodiment, the control line contains antibody that is 
specific for, or otherwise provides for the immobiUzation of, the labeled reagent In 
operation, a labeled reagent binds to the control line, even when the analyte of interest 
is absaat from the test sample. 
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[001 02] In a related embodiment, a control conjugate is introduced into 
the flow sample upstream fiom the control line. For example, the control conjugate 
may be added to the fluid sample before the sample is applied to the assay device. 
Alternatively, the control conjugate may be diffusively bound in the sample receiving 
zone, or in the label zone. 

[00103] In a preferred embodiment, the control conjugate includes a 
control label and a control reagent. Typically, a control reagent is chosen to be 
different from the reagent that is recognized by the capture reagent. Further, the 
control agent is generally not specific for the analyte. In a preferred embodiment, the 
control reagent binds to a control capture partner that is immobilized on the 
procedural control hne. Thus the control conjugate is directly detected in the control 
line. 

[00104] In yet another embodiment, the detectable control label is the 
same label used for the label reagent, hi a preferred embodiment, the control label is 
different from the test label, so that the user can more easUy determme the results of 
the assay, hi a particularly preferred embodunent, the control label and the test label 
mclude colored beads, where the control and test beads are of different colors. 

[00105] In a preferred embodiment, the control label includes 
streptavidin, and the control capture partner mcludes biotin, which couples to the 
avidin specifically, hi a particularly preferred embodiment, the control label includes 
biotin, and the control capture partner includes streptavidin. The artisan will 
appreciate that other "irrelevant" binding pairs can also be used-such as 
antigen/antibody reactions unrelated to analyte. 

[00106] The use of a control line is helpful in that appearance of a 
signal in the cdntrol Ime indicates the time at which the test result can be read, even 
for a negative result. Thus, when the expected signal appears in the control line, the 
presence or absence of a signal in the capture zone can be noted. 

[00107] In another preferred embodunent, the matrix may further 
incorporate an absorbent zone. The absorbent zone can act to mcrease the amount of 
fluid sample that travels through the capture zone. 
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[00108] In this embodiment, the absorbent zone is located downstream 
from the capture zone and can be a means for removing excess sample and free label 
other than the analyte of interest from the matrix of the device. Generally, the 
absorbent zone will consist of an absorbent material such as filter paper, a glass fiber 
5 filter, or the like. 

[00109] In a preferred embodiment, the device may also contain an end 
of assay control zone indicator. The control zone indicator may consist of a pH 
indicating reagent (such as bromocresol green) impregnated in the absorbent zone or 
at a location downstream of the capture zone. Upon contact with the sample, apH 
10 change occurs in the processed matrix. This pH shift converts the pH indicator to a 
different color (for instance, bromocresol green may be converted from yellow to 
blue) which is seen in an observation window over the control zone. This technology 
may also serve as an intomal assay control. 

[00110] In a related embodiment, the end of assay control zone may be 
15 constructed by applying a line of soluble ink on the capture zone (at the mterface with 
the absorbent zone). The liquid front moving through the capture zone will solubilize 
the ink and transfer it into the absorbent. The resulting color change will be seen in 
an observation window above the absorbent zone, signifying end of assay. 

[00111] In a preferred embodiment, the capture reagent binds with the 
20 analyte for the completion of a sandwich complex. The capture reagent can be chosen 
to directly bind the analyte or indirectly bind the analyte by binding with an ancillary 
specific binding member which is bound to the analyte. In addition, the capture 
reagent may be immobilized on the soUd phase before or during the performance of 
the assay by means of any suitable attachment method. Typically, the capture site of 
25 the present invention is a delimited or defined portion of the solid phase such that the 
specific binding reaction of the capture reagent and analyte is localized or 
concentrated in a limited site, thereby facilitating the detection of label that is 
immobilized at the capture site in contrast to other portions of the solid phase. In a 
related embodiment, the capture reagent can be appUed to the solid phase by dipping, 
30 inscribing with a pen, dispensing through a c^illary tube, or throng the use of 

reagent jet-printing or other techniques. In addition, the capture zone can be marked. 
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for example with a dye, such that the position of the capture zone upon the solid phase 
can be visually or instrumentally determined even when there is no label inmiobilized 
at the site. 



5 and indirect assay formats may be employed in the present invention. In a preferred 
embodiment, a direct assay format is used. Direct assays are exempUfied by those 
that detect the presence of an antigen in a sample, as well as those that detect the 
presence of an antibody in a sample. A direct assay that detects the presence or 
absence of an antigen in a sample generally includes a label zone fliat contains at least 

10 one antibody label reagent that is specific for the antigen. In a preferred embodiment, 
the antibody is coated on colored beads. Likewise, a direct assay that detects the 
presence or absence of an antigen in a sample generally includes a label zone that 
contains at least one antigen that is reactive with an antibody-analyte of interest. In 
this embodiment, the antigen is coated on colored beads. 

1 5 [001 13] As provided above, particular devices of the present invention 

include a support. The support in these devices provides a convenient platform for 
performance of the assay. However, the composition and shape of the support are not 
critical and may vary. Occasionally, the support may be comprised of a plastic or 
nylon material. 

20 [00114] In another embodiment the present devices may be in the form 

of a dipstick. Generally, dipsticks of the present invention are functionally analogous 
to the lateral assays described herein excepting the method of contacting a fluid 
sample. In embodiments configured as a dipstick, the matrix and support will 
generally be located on one end of the dipstick. The configuration of such devices 

25 will allow the device to be dipped or contacted with a flxiid sample with one end of a 
matrix that is analogous with the sample receiving zone in lateral assays and devices 
also described herein. After contacting the fluid sample, the sample preferably 
migrates in an axial flow path through the matrix firom the sample receiving zone to 
the label zones and observation areas. Alternatively, the devices of the present 

30 invention may be shaped so that samples may be appU^d to the device by means other 
than dipping, e.g., application of controlled amoimts of sample by pipettes or the like. 



[00112] 



Those of skill in the art will recognize that a variety of direct 
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100115] 



In a preferred embodiment, the result displayed by the test 



device incorporates a symbol provided by the mark on the bottom support. Due to the 
transparent nature of the observation area, the mark on the support is detectable 
through the moistened observation area. Thus, the shape of the mark will be 
displayed regardless of whether the analyte of interest is or is not present in the fluid 
sample. Typically, the shape of the mark provides a first symbol to represent a 
negative result. In a related embodiment, the symbol provided by the mark on the 
support is a minus (-) symbol, hi a particularly preferred embodiment, the mark will 
be visible to the unaided eye, although those of skill in the art will appreciate that a 
variety of detection approaches may be employed. In another preferred embodiment, 
the mark will be blue or red, or any color which provides contrast with the 
surrounding area, which is typically a Ughter color, such as white. 

[00116] In a preferred embodiment, the mark on the support will 
operate in concert widi a symbol provided by the capture zone. When the desired 
analyte is present in the fluid sample, label is collected at the capture zone. The shape 
of the labeled capture zone is such that, in combination with the mark, a second 
symbol is provided representing a positive result. In a related embodiment, the 
symbol presented by this combination is a plus (+) symbol. 

[00117] In yet another preferred embodiment, the capture zone has a 
shape such that, independent of any symbol provided by that mark on the substrate, 
labeled reagent at the capture zone will form a second symbol to represent a positive 
test result. 

[001 18] In a preferred embodiment, the mark on the support is oriented 
so that the longitudinal axis of the mark is aUgned with the direction of the sample 
flow, while the longitudinal axis of the capture zone is perpendicular to the direction 
of the sample flow. In a related embodiment, these axes may be at oblique angles to 
the sample flow. In yet another related embodunent, these axes may be oriented at 
any angle to the sample flow, so long as the axis of the mark and the axis of the 
capture zone are substantially perpendicular to each other. 

[00119] In another preferred embodiment, the mark on the support 
includes a shape such that, in the presence or absence of the analyte of interest in the 
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fluid sample, a logo is displayed in the observation area. In a related embodiment, the 
marked support provides one or more predefined symbols to be displayed when the 
observation area is moistened. These symbols may be read in connection with, or 
independent fiom, any signal that may be provided by the capture zone. 



the capture zone, but not necessarily on the bottom support. For example, the mark 
may be contained on the Mylar strip underlying the nitrocellulose matrix membrane. 
Alternatively, the mark may be contained on an intermediate member disposed 
between the test strip and the bottom support. In a preferred embodiment, tiie 
intermediate member is a plastic strip displaying the mark. The member may or may 
not be affixed to either the test strip or the bottom support. In a preferred 
embodiment, the intermediate member is configured to remain in place once the test 
apparatus is constructed. In a related embodiment, the mark is appUed, for example, 
by an embossing, printing, or stamping technique. 

[00121] In still anotiier preferred embodiment, the observation area 
includes a negative control area. The purpose of this control area is to alert the user 
that the test device is not working properiy. In a preferred embodiment, the negative 
control is that part of the observation area outside of the capture zone, and does not 
include any part of the observation area located directly above the mark on the 
support. When working properly, no signal or mark should be visible in the negative 
control area. 

[00122] In a preferred embodiment, the test device includes a hollow 
casing or housing having an application aperture and an observation port. In this 
embodiment, the flow matrix is contained within the hollow casing, and the fluid 
sample is added to the matrix through the aperture, which is an opening located in an 
upstream location on the housing. 

[00123] Typically, die aperture is located above the sample application 
pad. In a related embodiment, an aperture may be disposed in any location above the 
matrix that would provide for facile addition of fluid sample or reagent to the matrix. 

[00124] To detect the result, the observation area may be examined 
through the port. The artisan will appreciate that an observation port may be disposed 



[00120] 



In yet another embodiment, the mark may be displayed below 
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in any location above the matrix that would provide for the detection of a signal event, 
whether the signal comes jfrom the observation area, the absorbent zone, or elsewhere. 
In a preferred embodiment, the port is located above the observation area. Generally, 
the observation port is open, or the port may be covered by a transparent covering 
5 such as glass or plastic. 

[00125] From the foregoing, it is appreciated that the outer casing or 
housing of the device may take various forms. Typically, it will include an elongate 
casing and may have a plurality of interfitting parts. In a particularly preferred 
embodiment, the housing includes a top cover and a bottom support. In a preferred 
1 0 embodiment, the bottom support displays a mark thereon, and in a related 

embodiment, the top cover contains an appHcation aperture and an observation port. 
In another embodiment, the housing may also contain dividers between the matrix 
strips to inhibit flow of fluid sample between strips. 

[00126] In a preferred embodiment, flie housing is made of moisture 
1 5 impervious solid material, for example, a plastic material. It is contemplated that a 
variety of commercially available plastics, including, but not limited to, vinyl, nylon, 
polyvmyl chloride, polypropylene, polystyrene, polyethylene, polycarbonates, 
polysulfanes, polyesters, urethanes, and epoxies maybe used to construct a housing. 
The housing may be prepared by conventional methodologies, such as standard 
20 molding technologies that are well known and used in the art. The housing may be 
produced by molding technologies which include, but are not limited to, injection 
molding, compression molding, transfer moldmg, blow molding, extrusion molding, 
foam molding, and thermoform molding. The aforementioned molding technologies 
are well known in the art and so are not discussed in detail herein. See for example, 
25 Processes And Materials Of Manufacture, Third Edition, R. A. Lindsberg (1983) 
AUyn and Baron pp. 393-431 . 

[00127] It will be appreciated by one skilled in the art that a test strip 
device can be made of more than one material (e.g., different zones or sites can be 
made of different materials) and a flow-through device can have more than one layer, 
30 wherein different layers can be made of difiEerent materials, so long as the multiple 
materials or layers are m fluid-flow contact with one another thereby enabling the 
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passage of test sample between the materials or layers. Fluid-flow contact permits the 
passage of at least some components of the test sample between the zones or layers of 
the device. Fluid-flow is preferably uniform along the contact interface between the 
different zones or layers. The present invention further provides for different reagents 

5 disposed on different materials, and different reagents disposed on different zones. 
For example, the specific binding member contained on a certain material in the label 
zone may or may not be the same binding member that is contained on a different 
material in the capture zone. 

[00128] In further preferred embodiments, the test device of the present 

10 invention can have many configurations, several of which are dependent upon the 
material chosen for the soUd phase. For example, the test device can include a soHd 
phase material configured for use in a layered flow-through assay device, a 
chromatographic column, a dipstick or a test strip. 

[00129] In a second aspect, the present invention provides a method for 
1 5 determining the presence or absence of one or more analytes in a fluid sample. The 
assay method includes providing a test device as described above, and administering a 
fluid sample to the test device. By inspecting the observation area of the test device, 
the user is able to determine whether the fluid sample contains the one or more 
analytes of interest. Typically,, this is accompUshed by observing either a plus (+) or 
20 minus (-) signal in the observation area for each analyte of interest. 

[00130] In a third aspect, the present invention provides a kit for 
determining the presence or absence of an analyte in a fluid sample. The assay kit of 
the present invention will include containers for holding any necessary reagent, test 
membrane, sample applicator, filter, and the like, as well as instructions which set 

25 forth a protocol for practicing the method of use as described above. Typically, the 
components of the kit will be present in a suitable package containing sufficient 
components for performing one or more assays. 

[00131] The present invention is particularly suitable for a test device as 
shown in the accompanying drawings, and described in detail as follows. It is 

30 xmderstood that the drawings are provided for purposes of illustration and not meant 
limit the scope of the present invention. 
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[00132] FIG. 1 shows a first embodiment of a test device 1 0 constructed 
in accordance with the teachings of the present invention. 

[00133] Test device 1 0 has a bottom support 14, a flow matrix 1 8, a top 
cover 22, and a desiccant 26. In its longitudinal direction, matrix 18 can be 
subdivided into a sample application zone 30, a label zone 34, an observation area 38, 
and an absorbent zone 42. 

[00134] The bottom support further includes a mark 46 thereon. The 
mark is disposed beneath observation area 38. The sample appUcation zone is located 
at an upstream location on matrix 18, and is configured to receive the fluid sample. 
Label zone 34 is located downstream of application zone 30, and contains label 
reagent. The observation area is located downstream of the label zone, and includes a 
capture zone 40 that contains capture reagent. Absorbent pad 42 is located 
downstream of observation area 38. 

[00135] Top cover 22 has an application aperture 48 disposed above the 
sample appUcation pad, and an observation port 52 disposed above the observation 
area. In cooperation, the top cover and the bottom support are configured to provide a 
housing for matrix 18 and desiccant 26. As shown, the desiccant is typically 
positioned separately firam the matrix. 

[00136] Prior to use, when in the dry state, the observation area is 
opaque, and thus no signal is manifested through the observation port. 

[00137] FIG. 2 illustrates the test device of the present invention 
showing a negative test result, in the instance where the fluid sample does not contain 
the analyte of interest. 

[00138] In one operative embodiment, the sample fluid is added through 
aperture 48, and on to application pad 30. The fluid sample is transported firom 
application pad 30 to label zone 34, where the fluid is allowed to react with labeled 
reagent. Labeled reagent then binds with any analyte of interest contained in the fluid 
sample. 

[00139] Next, the fluid sample is advanced to observation area 38, and 
then on to the absorbent zone. Observation area 38, now moistened by the sample 
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fluid, becomes transparent. Consequently, mark 46 becomes visible through 
observation port 52. Through the observation port, the user can then view the mark 
displayed on the bottom support. 

[00140] As shown here, there is no analyte present, and consequently no 
5 label is bound at capture zone 40. The resulting signal as manifested through 
observation port 52 is therefore in the shape of a minus (-) sign. 

[001411 FIG. 3 illustrates the test device of the present invention 
showing a positive test result, in the instance where the fluid sample contains the 
analyte of interest. 

1 0 [00142] In operation, the sample fluid is added through aperture 48, and 

on to application pad 30. The fluid sample is transported from application pad 30 to 
label zone 34, where the fluid is allowed to react with labeled reagent. Labeled 
reagent then binds with the analyte of interest contained in the fluid sample. Next, the 
fluid sample is advanced to observation area 38, and labeled analyte is restrained by 

1 5 capture reagent immobilized in capture zone 40. Unbound material in the fluid 
sample continues to flow mto absorbent zone 42. 

[00143] Observation area 38, now moistened by the sample fluid, 
becomes transparent. Consequently, mark 46 becomes visible through observation 
port 52. Through the observation port, the user can then view the mark displayed on 

20 the bottom support, in concert with the signal provided by the label contained in the 
capture zone. The resulting signal as manifested through observation port 52 is in the 
shape of a plus (+) sign. 

[00144] FIG. 4 shows the test device of the present invaition, where 
observation area 38 further includes a procedural control line 56 that develops with 

25 any fluid sample flow, whether or not analyte is preset in the sample. 

Vertical Flow Devices 

[00145] In a further embodiment, the device of flie invention may 
alternatively comprise a vertical flow device. Tn such devices, as a first member, a 
porous member may be provided, such as a membrane or filter, to which a caphire 
30 reagent may be immobilized thereon. The first member preferably fiirther comprises 
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an observation area comprising a defined capture zone and is preferably comprised of 
a material that is opaque in a dry state and transparent in a'moist state. The first 
member provides for fluid flow therethrough, from the top to the bottom surfaces. 
Similar to the capture reagents described above, preferred reagents are capable of 
restraining an analyte of interest on the porous first member. These capture reagents 
are usefiil in that they are capable of separating analyte from tiie fluid sample being 
analyzed. 

[00146] In another aspect, the device may fiirther comprise, as a second 
member, an absorbent member having fluid pathways theretiirough &om its upper to 
lower surfaces. The second member is generally disposed below, and in fluid flow 
contact with, the first member in the present devices and is selected to allow fluid 
flow through the first member when a fluid sample is intirpduced to the upper surface 
of the first member. In one aspect, the second member comprises a porous positive 
cont-ol membrane support. In a related aspect, the second member may act to support 
the first member and also contains a positive conti:ol zone. The upper surface of the 
first member is merely the surface lying away fix)m the surface contacting or 
otherwise in communication with the second memba-. 

(00147] In another aspect, vertical flow type devices of the present 
disclosure include an optional absorbent medium. Generally, the absorbent medium 
is usefial for absorbing Hquid sample, labeled reagent and/or washing solution after 
flow through the first and second members. The absorption capacity of contemplated 
absorbent mediums of the present invention are useful for promoting fluid flow 
through both the first and second members and thus avoiding stagnant fluid remaining 
on these members. To accomplish this fimction, the absorbent medium is preferably 
in close or intimate contact with the second member or positive control element. In 
one aspect, the absorbent medium may be compressed in a device, below the second 
member. 

[00148] The above device may be utilized through tiie contact or 
intix>duction of a fluid sample suspected of containing one or more analytes and then 
allowing the sample to migrate through the first and second members, whereby the 
one or more analytes bind to one or more capture reagents bound to the first member. 
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After the sample has migrated throu^ both members one or more labeled reagents 
(described above) may be introduced to the upper surfece of the first member and 
allowed to migrate through the first and second members. The labeled reagent is 
selected to bind to one or more of the analytes suspected of being present in the 
5 sample. Thereafter, a washing step may be performed to wash unbound labeled 
reagent fi^m the first and second members. The presence or absence of a particular 
analyte may then be detected by visually inspecting the first member to locate marks, 
logos, symbols, colors, etc., which indicate a positive or negative result corresponding 
to the presence or absence of particular analytes in a given sanq)le. 

1 0 [00149] Generally, marks indicating a negative result may be disposed 

on the second member which may become visible through the first member when the 
first member is in a moist state (i.e., any time after introduction of the sample to the 
device). Positive results indicating the presence of one or more analytes in a sample 
are evident through an indication that the labeled reagent has bound to a particular 

15 analyte, i.e., the generation of a positive signal. The first member is generally 

comprised of a material described above titat is opaque in a dry state and transparent 
in a moist state. 

[00150] Suitable washing reagents may be, for example, buffers, 
solutions containing detergents, defined ionic strength chelators, proteins or otho: 

20 components useful for optimizing separation of bound and firee label. Suitable 

washing reagents may have varying characteristics, however they should not interfere 
with or otherwise degrade: (1) the analytes or reagents themselves, (2) the interaction 
of the analyte with the binding or label reagents, or (3) the signal generated indicating 
the presence or absence of an analyte as a result of utilizing the claimed devices or 

25 methods. 

[00151] FIG. 5 shows a top view of a vertical flow device. The device 
sidewall (61), orientation indicia (63), guide rails (62) and center chamber (64) are 
shown. In one aspect, liquid samples may be poured or otherwise introduced into the 
center chamber (64) that is surrounded by the device sidewall (61). The device guide 
30 rails (62) are useful for providing orientation, registration or mdexing capability for 
additional components, for example, for positioning the porous positive confrol 
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membrane support (see FIG- 6 (70)) (the "second member**) and filter/membrane (see 
FIG. 7 (71)) containing a capture/test zone (68) (together, the "first member*') within 
the device. In one embodiment, the device contains one guide rail. In a related 
embodiment, the device may contain one or more guide rails, for example between 

5 about 1 to about 50 or about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, about 15, about 
20, about 25 about 30, about 35, about 40, about 45, about 50; or a series of means for 
positioning the porous positive control membrane support and filter/membrane 
containing a capture/test zone within the device such, as a series of ridges or notches. 
In another aspect, the present vertical flow device may optionally contain an 

10 orientation indicia (63) useful for positioning the positive control (66) and capture/test 
zones (68) in a fashion such that when a positive test result is formed the positive 
control line or lines (66) and the capture/test zone or zones (68) are visible in a 
predetermined orientation. Such predetermined orientations may comprise a 
reference to the orientation indicia to determine the orientation of a positive control 

15 line and/or a test/capture zone. For example, the positive control line may be oriented 
horizontally and the test zone may be oriented vertically; without limitation, both 
lines may be in perpendicular relation to one another. In one embodiment a negative 
test result comprises the formation of a minus symbol (-) as provided in FIG. 8 (66), 
in a related embodiment a positive test result comprises the formation of a plus 

20 symbol (+) FIG. 9 (66 & 69). 

[00152] In one aspect, a porous, positive control-support for the porous 
filter or membrane (FIG. 2 (70)) is positioned in a device below the porous filter or 
membrane (FIG. 3 (71)). Generally, the porous, positive control-support for the 
porous filter or membrane is positioned below the porous filter or membrane with 

25 respect to the direction of sample introduction (FIG. 10 (70 & 71)). In one aspect, 
these elements may be "notched" (67) in accordance witii the above description to 
complement the guide rails (62), or means for positioning, provided in the device. In 
another aspect, the control line (66) is printed onto a positive-control support (65) and 
guide rails (62) orient this line or element in a predetermined orientation in the device 

30 (e.g., horizontally). In a related aspect, this line may become the horizontal 

component of the "plus" sign formed in a positive test result (FIG. 9) or the horizontal 
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"minus" sign provided in a negative test result (FIG. 8). Such lines or elements may 
be made by standard printing or other methods described above. 

[00153] In one aspect, prior to use, the positive control line (66) is 
invisible to the naked eye, due to coverage by an opaque dry membrane (69). In one 
embodiment, after a test is performed through the introduction of a liquid sample, the 
opaque membrane becomes semi-or fiilly-tiansparent, permitting visualization of a 
positive control line (66). Generally, the positive control line is preferably visible 
after sample is added, regardless of whether the test result is positive or negative. 

[00154] In another aspect, the porous semi-transparent when-wet, 
porous filter or membrane is notched (67) to fit guide rail or rails (62) or positioning 
means built into the device sidewall (see FIG. 5, FIG. 7). In a fiirther aspect, a 
vertical incipient, test zone (68) in the form of, e.g., a line containing capture antibody 
is present on tiie new membrane. Prior to introduction of a '*positive" sanqsle this line 

(68) should not be visible to the naked eye. This line becomes the second component 

(69) of the "plus" sign seen in a positive test result (FIG. 9). The test zone (68) can be 
made by standard methods used to create immunoassay devices. Such materials and 
methods are described herein and may be generally known in the art. After a test is 
performed, if analyte is present that corresponds to the capture reagent located in the 
zone, a signal is generated in the test zone or line creating a positive test result (69). 
If the sample does not contain such analyte, a visible test zone is not visible (68). In a 
particular aspect, the formation of a visible test zone (69), after inhx)duction of a 
sample containing an analyte of interest, may be taken together with the visibility of a 
control line (66) as indicia of a positive test result. 

[00155] A cross-section of an example vertical flow device is provided 
in FIG. 10. The device sidewalk (61) in the illustrated device are vertical, however, 
they may optionally be positioned at an angle sloping inward. For example, the 
device sidewalls may slope in ftom Ihe top portion of the well (73) pictijred in FIG. 
10 down to the top portion of the filter/membrane element (70). The example vertical 
flow device pictured in FIG. 10 describes the device well (73) where sample is 
introduced, the filter/membrane elements (70), the positive control elements (71), stop 
elements (75), absorbent medium (72) and bottom plug (74). In one aspect, this 
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device may feature a new constriction (75) or other means to vertically position the 
test membrane (70) and its support (71) in the device. Such constriction or stop 
element (75) may be useful to ensure uniform contact and level placement of the 
filter/membrane elements (70) and positive control elements (71). Stop elements may 

5 be conveniently molded into the outer wall (6 1), in the form of a shelf or other 
integrated leveling means, of the presently described vertical flow devices. 
Alternatively, the device may be assembled by first placing the absorbent (72) in the 
device (for example, firom the bottom or from the top of the device) and by placing 
the membrane (70) and its positive control support (71) directly on the absorbent (72). 

10 Regardless of the method used, in this example it is frequently necessary to maintain 
direct fluid flow contact between all pictured layers to assure constant flow of liquid 
from the top chamber into the absorbent medium. 

[00156] The invention can be better understood by way of the following 
examples which are representative of the preferred embodiments, but are not to be 
1 5 construed as limiting the scope of the invention. 



EXAMPLES 

EXAMPLE 1 

[00157] A lateral flow test device was constructed accordiug to 
principles of the present invention. The test device included a G-III plastic bottom 
20 (#Z0846500), a G-m plastic scanner top (#Z0440900), a sample pad containing stock 
assay reagent, a label pad containing stock assay reagent, an observation zone as 
described below, and an absorbent pad (#0841 000). 

[00158] A nitrocellulose web assembly membrane from Millipore, trade 
name Highflow Plus Membrane, was combined with a clear Mylar backing. 

25 [00159] A dark line was made on the inside of the plastic bottom, 

positioned parallel to sample flow in approximately the same area as would be 
imdemeath the fixed minus line from a current assay strip. 

[00160] This bottom was then assembled with an experimental G-IV 
assay strip as described above, and a plastic scanner top. When a liquid sample was 
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added to the test unit, the dark line, which was barely visible through the dry strip, 
became clearly visible. The results are shown generally in Figure 2. 



EXAMPLE 2 

5 [001 61] Goat anti-alpha hCG antibodies were immobilized on Hi-flow 

plus nitrocellulose membrane (nitrocellulose membrane cast on a transparent nylon 
sheet), manufactured by Millipore Inc. A second, unrelated protein was immobiUzed 
on the membrane for the procedural control line. The membrane was then blocked 
vdth a protein solution and dried prior to assembly. 
10 [00162] A sample pad (non-woven rayon fiber backed with mylar) was 

impregnated with a buffered protein solution and dried. 

[00163] The label pad (non-woven rayon fiber backed with mylar) was 
impregnated with a solution containing red colored polj^tyrene microspheres coated 
with anti-beta hCG monoclonal antibodies, blue colored polystyrene microspheres 
1 5 coated with a binding pair member to the control line protein, and stabilizing agents 
followed by a drying process. 

[00164] The sample and label pad, the capture membrane and an 
absorbent pad were ttien assembled into a test strip similar to Figure 4. 

[00165] A visible line was printed onto the bottom half of liie plastic 
20 housing of a test cassette. The line was placed directly beneath and perpendicular to 
the immobilized goat anti-alpha hCG test line on the capture membrane. The 
preprinted line was approximately 1mm thick and 5-9mm long. The assembled test 
strip was then placed on top of the preprinted line into the bottom of the plastic 
housing as indicated in Figures 1-4, and the cassette was closed with the top portion 
25 of the plastic housing. Upon assembly, the preprinted line on the plastic housing was 
nearly invisible. 

[00166] Upon addition of a liquid sample, the sample pad and label pad 
were re-hydrated and the sample wet the nitrocellulose capture membrane thus 
making it transparent. The pre-printed line which was barely visible in the dry state 
30 was now clearly visible. The results are shown generally in Figure 4. 
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[001671 Numerous modifications may be made to the foregoing systems 
without departing firom the basic teachings thereof. Alfliough the present invention 
has been described in substantial detail with reference to one or more specific 
embodiments, those of skill in the art will recognize that changes may be made to the 
embodiments specifically disclosed in this apphcation, yet these modifications and 
improvements are within the scope and spirit of the invention, as set forth in the 
claims which follow. All publications or patent documents cited in this specification 
are incorporated herein by reference as if each such publication or document was 
specifically and individually indicated to be incorporated herein by reference. 

[00168] Citation of the above pubHcations or documents is not intended 
as an admission that any of tiie foregoing is pertinent prior art, nor does it constitute 
any admission as to the contents or date of these pubUcations or documents. 
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WHAT IS CLAIMED IS: 

1 . A test device for determining the presence or absence of an analyte in a 
fluid sample, the test device comprising: 

a) a support bearing a mark thereon; 
5 b) a matrix defining an axial flow path afiBbced to the support, the 

matrix comprising: 

i) a sample receiving zone, at an upstream end of the flow 
path, that receives the fluid sample, 

ii) a label zone, on the flow path downstream from the 

1 0 sample receiving zone, comprising a label reagent that binds with the 

analyte in the fluid sample flowmg through the label zone, and 

iii) an observation area, on the flow path downstream from 
the label zone, the observation area comprising a defined capture zone 
having an immobilized capture reagent that restrains the labeled 

1 5 analyte, wherein the observation area comprises a material that is 

opaque in a dry state and transparent in a moist state; 
wherein the mark on the support is detectable through the observation 
area when the observation area is in a moist state, wherein upon restraint of 
labeled analyte, if present, in the capture zone, the capture zone becomes 
20 detectable through the observation area, and wherein both the detectable mark 

and the detectable capture zone are separately distinguishable. 

2. The test device of claim 1 , wherein: 

a) the mark has a shape such that, in the jpresence or absence of the 
analyte in tihie sample, a first symbol is displayed to represent a negative result, 

25 and 

b) the capture zone has a shape such that, taken together with the first 
symbol in the presence of the analyte in the sample, a second symbol is 
foraied to represent a positive result. 
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3. The test device of claim 1 , wherein: 

a) the maxk has a shape such that, in the presence or ahsence of the 
analyte in the sample, a minus symbol (-) is displayed to represent a negative 
result, and 

5 b) the capture zone has a shape such that, taken together with the 

minus symbol in the presence of the analyte in the sample, a plus symbol (+) is 
foraied to represent a positive result. 

4. The test device of claim 3, wherein the longitudinal axis of the mark is 
in the direction of the sample flow, and the longitudinal axis of the capture zone is 

1 0 perpendicular to the direction of the sample flow. 

5. The test device of claim 1, wherein the mark has a shape such that, in 
the presence or absence of the analyte in the sample, a logo is displayed. 

6. The test device of claim 1 , wherein the mark has a shape such that, in 
the presence or absence of the analyte in the sample, one or more predefined symbols 

15 are displayed. 

7. The test device of claim 1 , wherein: 

a) the mark has a shape such that, in the presence or absence of the 
analyte in the sample, a first symbol is displayed, and 

b) the capture zone has a shape such that, independent of the first 
20 symbol in the presence of the analyte in tiie sample, a second symbol is 

formed to represent a positive result 

8. The test device of claim 1, wherein the observation area fiirther 
comprises a negative control area. 

9. The test device of claim 1, wherein the observation area fiirther 
25 comprises a positive control area. 

1 0. The test device of claim 1 , fiirther comprising a hollow casing having a 
sample application aperture and an observation port, wherein the matrix and support 
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are contained within the hollow casing, the sample is applied to the matrix through the 
aperture, and the observation area can be observed through the port. 

1 1 . The test device of claim 1 , wherein the support is a dipstick. 

12. A test device for determining the presence or absence of an analyte in a 
5 fluid sample, the test device comprising: 

a) an intermediate piece bearing a mark thereon; 

b) a matrix defining an axial flow path, the matrix comprising: 

i) a sample receiving zone, at an upstream end of the flow 
path, that receives the flxiid sample, 
10 ii) a label zone, on the flow path downstream from the 

sample receiving zone, comprising a label reagent that binds with the 
analyte in the fluid sample flowing through the label zone, and 

iii) an observation area, on the flow path downstream iBrom 
the label zone, the observation area comprising a defined capture zone 
1 5 having an immobilized capture reagent that restrains the labeled 

analyte, wherein the observation area comprises a material that is 
opaque in a dry state and transparent in a moist state; 
wherein the mark on the support is detectable through the observation 
area when the observation area is in a moist state, wherein upon restraint of 
20 labeled analyte, if present, in the capture zone, the capture zone becomes 

detectable through the observation area, and wherein both the detectable mark 
and the detectable capture zone are separately distinguishable, and 

wherein the intermediate piece is disposed between the matrix and a 

support. 

25 13. The test device of claim 12, wherein the support is a dipstick. 

14. A method of determining the presence or absence of an analyte in a 
fluid sample, comprisiag the steps of: 

a) providing a support bearing a mark thereon; 

b) providing a matrix defining an axial flow path, wherein the matrix 
30 comprises: 
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i) 



a sample receiving zone, at an upstream end of the flow 



10 



15 



path, that receives the fluid sample, 

ii) a label zone, on the flow path downstream from the 
sample receiving zone, comprising a label reagent that binds with the 
analyte in the fluid sample flowing through the label zone, and 

iii) an observation area, on the flow path downstream from 
the label zone, the observation area comprising a defined capture zone 
having an immobilized capture reagent that restrains the labeled 
analyte, wherein the observation area comprises a material that is 
opaque in a dry state and transparent in a moist state; 

c) contacting the sample receiving zone with the fluid sample and 
allowing the sample to migrate into the test device, thereby subjecting any 
analyte present in the test sample to react with the label reagent, followed by 
fiirther migration of the sample into the observation area, thereby subjecting 
any labeled analyte present in the sample to react with the immobilized 
capture reagent; and 

d) detecting analyte restrained in the capture zone by inspecting the 
observation area, wherein the mark on the support is detectable through the 
observation area when the observation area is in a moist state, wherein upon 
restraint of labeled analyte, if present, in the capture zone, the capture zone 
becomes detectable through the observation area, and wherein both the 
detectable mark and the detectable capture zone are separately distinguishable. 

15. The method of claim 14 wherein the restrained analyte is detected by 
oducing an observable signal that is related to the presence or absence of analyte 
ntained in the sample. 

16. A test device for determining the presence or absence of one or more 
lalytes in a sample comprising the test device of claim 1 fiirther comprising 

a) said support bearing one or more marks thereon, 

b) said matrix further comprising 



i) said label zone comprising one or more label reagents 
that bind with the analytes in the fluid sample. 
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ii) said observation area comprising multiple capture zones 
having multiple immobilized capture reagents that restrain one or more 
labeled analytes, wherein said observation is comprised of a material 
that is opaque in a dry state and transparent in a moist state; 
5 wherein said marks are visible through the observation area when the 

observation area is in a moist state, wherein upon restraint of labeled analyte, 
if present, in the capture zones, the capture zones become detectable through 
the observation area, and wherein the detectable marks and the detectable 
capture zones are separately distinguishable. 

10 17. The test device of claim 16, wherein: 

a) each of the one or more marks have a shape such that, in the 
presence or absence of one or more analytes in tiie sample, first symbols are 
displayed to represent negative results, wherein each of the one or more marks 
corresponds with a particular capture zone, and 

15 b) each of the capture zones have a shape such that, taken together 

with the first symbols in the presence of one or more analytes in the sample, 
second symbols are formed to represent a positive result for each of the 
analytes. 

18. The test device of claim 17 wherein multiple results comprise positive 
20 results, negative results, or a combination thereof. 

19. The test device of claim 1 6, wherein: 

a) each of the one or more marks have a shape such that, in the 
presence or absence of one or more analytes in the sample, minus symbols are 
displayed to represent negative results, wherein each of the one or more marks 

25 corresponds with a particular capture zone, and 

b) each of the captmc zones have a shape such that, taken together 
with the minus symbols in the presence of the one or more analytes in the 
sample, plus symbols are formed to represent a positive results for each of the 
analytes. 
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20. The test device of claim 1 9 wherein multiple results comprise plus 
symbols, negative symbols, or a combination thereof. 

21. The test device of claim 19, wherein the longitudinal axis of the one or 
more marks are situated in the direction of the sample flow, and the longitudinal axis 

5 of the capture zones are perpendicular to the direction of the sample flow, 

' 22. The test device of claim 16, wherein the one or more marks have a 
shape such that, in the presence or absence of analytes in the sample, identical, or 
discrete logos are displayed for each discrete analyte. 

23. The test device of claim 16, wherein the one or more marks have a 

10 shape such that, in the presence or absence of the analytes in the sample, one or more 
predefined symbols are displayed. 

24. The test device of claim 16, wherein: 

a) each of the one or more marks have a sh^e such that, in the 
presence or absence of the one or more analytes in the sample, one or more 

1 5 first symbols are displayed, and 

b) each of the capture zones are shaped such that, independent of the 
one or more first symbols, in the presence of the one or more analytes in the 
sample, one or more second symbols are formed to represent a positive result 
for each analyte. 

20 25. The test device of claim 24 wherein multiple results comprise positive 

results, negative results, or a combination thereof. 

26. The test device of claim 1 6, wherein the observation area fiirther 
comprises one or more negative control areas. 

27. The test device of claim 16, wherein the observation area further 
25 comprises one or more positive control areas. 

28. The test device of claim 1 6, wherein the label reagents are colored 
label reagents and the matrix further comprises one or more quantitative control areas 
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defining the color intensity of a given amount of analyte, wherein a higher 
concentration of analyte corresponds to a higher color intensity. 

29. The test device of claim 16, wherein the support is a dipstick. 

30. The test device of claim 1 6, further comprising a hollow casing having 
5 a sample application aperture and an observation port, wherein the matrix and support 

are contained within the hollow casing, the sample is applied to the matrix through the 
aperture, and the observation area can be observed through the port. 

31. A method of manufacturing a test device for determining the presence 
or absence of an analyte in a fluid sample, the method comprising: 

10 a) providing a support bearing a mark thereon; 



b) providing a matrix defining an axial flow path, wherein the matrix 



comprises: 



i) a sample receiving zone, at an upstream end of the flow 
path, that receives the fluid sample. 



15 



ii) a label zone, on the flow path downstream from the 



sample receiving zone, comprising a label reagent that binds with the 
analyte in the fluid sample flowing through the label zone, and 



20 



iii) an observation area, on the flow path downstream firom 
the label zone, the observation area comp»rising a capture zone having 
an inmiobilized capture reagent that restrains the analyte; wherein the 
observation area is comprised of a material that is opaque in a dry state 
and transparent in a moist state, wherein the mark on the support is 



25 



visible through the observation area when the observation area is in the 
moist state, wherein upon restraint of labeled analyte, if present, in the 
capture zones, the capture zones become detectable through the 



observation area, and wherein the detectable marks and the detectable 
capture zones are separately distinguishable; and 



c) disposing said matrix on said support. 
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32. A method of manufacturing a test device for detennining the presence 
or absence of an analyte in a fluid sample, the method comprising: 

a) providing an intermediate piece bearing a mark thereon; 

b) providing a matrix defining an axial flow path, wherein the 
5 matrix comprises: 

i) a sample receiving zone, at an upstream end of the flow 
path, that receives the fluid sample, 

ii) a label zone, on the flow path downstream from the 
sample receiving zone, comprising a label reagent that binds with the 

1 0 analyte in the fluid sample flowing through the label zone, and 

iii) an observation area, on the flow path downstream from 
the label zone, the observation area comprising a capture zone having 
an immobilized capture reagent that restrains the analyte; wherein the 
observation area is comprised of a material that is opaque in a dry state 

15 and transparent in a moist state, wherein the mark on the interaiediate 

piece is visible through the observation area when the observation area 
is in the moist state, wherein upon restraint of labeled analyte, if 
present, in the capture zones, the capture zones become detectable 
through the observation area, and wherein the detectable marks and the 

20 detectable capture zones are separately distinguishable; 

c) wherein the intermediate piece is disposed between the matrix and 
a support. 

33, A test device for detennining the presence or absence of an analyte in a 
fluid sample, the test device comprising: 

25 a) a matrix, the matrix comprising: 

i) a porous first member comprising a capture zone and an 
observation area, the capture zone having an immobilized capture 
reagent that restrains the analyte, wherein the first member comprises a 
material that is opaque in a dry state and transparent in a moist state; 

30 and 

ii) a porous second member bearing a mark thereon, 
disposed below and contacting said first member, wherein said second 
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10 



15 



20 



25 



member allows flow through the first member into and through tihe 
second member when a fluid sample is introduced; and 
b) wherein the mark on the second member is detectable through the 
observation area in the fbrst member when the first member is in the moist 



that binds with the analyte in the fluid sample, the capture zone becomes 
detectable through the observation area, and wherein the detectable mark and 
the detectable capture zone are separately distinguishable. 

34; The test device of claim 33, wherein: 

a) the mark has a shape such that, in the presence or absence of the 
analyte in the sample, a first symbol is displayed to represent a negative result, 
and 

b) the capture zone having a shape such that, taken together with the 
first symbol in the presence of the analyte in the sample, a second symbol is 
formed to represent a positive result. 

35. The test device of claim 33, wherein: 

a) the mark has a shape such that, in the presence or absence of the 
analyte in the sample, a minus symbol is displayed to represent a negative 
result, and 

b) the capture zone having a shape such that, taken together with the 
minus symbol in the presence of the analyte in the sample, a plus symbol is 
formed to represent a positive result, 

36. The test device of claim 33, wherein the mark has a shape such that, in 
the presence or absence of the analyte in the sample, a logo is displayed. 

37. The test device of claim 33, wherein the mark has a shape such that, in 
the presence or absence of the analyte in the sample, one or more predefined 
symbols are displayed. 



state; and 



c) wherein upon introduction of a separate detectable label reagent 
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38. The test device of claim 33, wherein the first member further 
comprises a negative control area. 

39. The test device of claim 33, wherein the wherein the label reagents are 
colored label reagents and the first member fiirther comprises a quantitative control 

5 area defining the color mtensity of a given amount of analyte, wherein a higher 
concentration of analj^e corresponds to a higher color intensity. 

40. A test device for detemiining the presence or absence of one or more 
analytes in a fluid sample comprising the test device of claim 33 fiirther comprising 

a) said first member fiirther comprising one or more capture zones 
1 0 having one or more immobilized capture reagents that bind with analytes in 



the sample. 



b) said second member further comprising one or more marks that are 
visible through the observation area of the first member when the first member 
is in the moist state; and 



15 



c) • wherein upon introduction of separate detectable label reagent that 
binds with analyte in the fluid sample, the capture zones become detectable 
througih the observation area, and wherein the detectable marks and the 
corresponding detectable captmo zones are separately distinguishable. 



4 1 . The test device of claim 40, wherein: 



20 



a) each of the marks have a shape such that, in the presence or 
absence of one or more analytes in the sample, first symbols are displayed to 
represent negative results, and 



25 



b) each of the capture zones have a shape such that, taken together 
with the first symbols, in the presence of one or more analytes in the sample, 
second symbols are formed to represent a positive result for each of the 
analytes. 



42. The test device of claim 40, wherein: 



30 



a) each of the marks have a shape such that, in the presence or 
absence of one or more analytes in the sample, minus symbol are displayed to 
represent negative results, and 



48 



wo 03/023371 




PCT/US02/28846 



b) each of the capture zones have a shape such that, taken together 
with the minus symbols in the presence of one or more analytes in the sample, 
plus symbols are formed to represent positive results. 

43. The test device of claim 40, wherein the marks have a shape such that, 
in the presence or absence of one or more analytes in the sample, one or more logos 
are displayed. 

44. The test device of claim 40, wherein the marks are shaped such that, in 
the presence or absence of one or more analytes in the sample, one or more predefined 
symbols are displayed. 

45. The test device of claim 40, wherein the first member fiufher 
comprises a negative control area. 

46. The test device of claim 40, wherein the label reagents are colored 
label reagents and the first member further comprises a quantitative control area 
defining the color intensity of a given amount of analyte, wherein a higher 
concentration of analyte corresponds to a higher color intensity. 

47. The test device of claim 33, wherein the device further comprises an 
absorbent medium disposed below but in contact with the second member. 

48. The test device of claim 33, wherein the device further comprises a 
registration or indexing means in physical interaction with the first and second 
members in the device to orient the capture zone in relation to the mark such that, in 
the presence of analyte, both the capture zone, including labeled reagent bound to the 
analyte, and the mark are separately distinguishable. 

49. The test device of claim 48, wherem, in the presence of analyte, the 
mark and the capture zone together form an interactive symbol indicating a positive 
test result. ' 
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50. A method of determining the presence or absence of an analyte in a 
fluid sample, comprising the steps of: 

a) providing the test device of claim 33; 

b) contacting the fluid sample with the upper surface of the first 
5 member and allowing the sample to migrate through the first and second 

members, whereby the sample moistens the first member rendering the mark 
detectable, and analyte, if present, binds to the capture reagent in the fiurst 
member; 

c) introducing a detectable label reagent to the upper surface of the 
1 0 first member, wherein said label reagent binds with the analyte within the 

capture zone rendering the capture zone detectable; 

d) washing unbound labeled reagent; and 

e) detecting analyte bound on the first member by inspecting the 
observation area of the first member, wherein the detectable mark and the 

15 corresponding detectable capture zone are separately distinguishable. 

5 1 . The method of claim 50 wherein the presence or absence of multiple 
analytes are determined. 
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